The risk of occupational bloodborne infections (HBV, HCV, and HIV) among healthcare workers remains a serious issue in developing countries. The aim of this study was to estimate occupational exposure to bloodborne infections among general hospital workers in Serbia. This cross-sectional study was conducted in the spring of 2013 and included 5,247 healthcare workers from 17 general hospitals. The questionnaire was anonymous, self-completed, and included sociodemographic information with details of blood and bodily fluid exposure over the career and in the previous year (2012). Significant predictors of sharps injuries were determined with multiple logistic regressions. The distribution of accidents in 2012 was equal between the genders (39 %), but in entire career it was more prevalent in women (67 %). The most vulnerable group were nurses. Most medical doctors, nurses, and laboratory technicians reported stabs or skin contact with patients' blood/other bodily fluid/tissue as their last accident. Healthcare workers from the north/west part of the country reported a significantly lower number of accidents over the entire career than the rest of the country (p<0.001). The south of Serbia stood out as the most accident-prone in 2012 (p=0.042).
Every working day, over 59 million healthcare workers (HCW) in the world run the risk of getting infected with hepatitis, AIDS, or tuberculosis by accidental exposure to patient's blood and other bodily fluids (1) . This global issue is even more pronounced in developing countries, where the risk is underappreciated, overlooked, and poorly prevented. There are currently more than 90,000 healthcare workers in Serbia, 22 thousand of whom are medical doctors and 62 thousand nurses (2).
The most common sources of exposure to bloodborne infections in the healthcare sector are needlestick and sharps injuries. Sharps injuries include stabs or cuts with a sharp object, such as syringe or surgical needles, scalpels, lancets, or broken glass. However, they are not the only way of exposure to patient's blood or bodily fluids. Others include exposure through mucosa or skin damaged in some other way. Global estimates from a decade ago speak of 0.18-4.68 sharps injuries per healthcare worker a year (3) . For the countries of the EUR B region, which includes Serbia (former Yugoslavia), the number of sharp injuries was almost one. These injuries were estimated to cause 690 HCV, 6400 HBV, and 1 HIV infections among healthcare workers a year (3) .
In May 2010, the European Union implemented the Framework Agreement on prevention of sharps injuries in the hospitals and healthcare sector by Council directive 2010/32/EU (4) . This document contains necessary information about occupational sharps injuries. Not being a member state yet, Serbia is not obliged to nor has it kept a national record of occupational blood and infectious bodily fluid exposures, including those involving occupational needlestick injuries and injuries due to sharps or splashes of blood/bodily fluids. It does not even have national guidelines for post-exposure prophylaxis.
Only a few cross-sectional studies have been conducted in Serbia on sharp injuries or splash exposures among healthcare workers, those in 2003 (5), 2011 (6) , and 2012 (7). However, their findings are limited by an unrepresentative sample, which was modest in the number of participants, covered only some departments, did not distinguish between primary, secondary, and tertiary healthcare services, and was not nationwide.
The aim of our study was to make up for this lack of information with a new and comprehensive, nationwide survey of occupational sharps injuries and splash exposures, so as to have some baseline information by the time Serbia adopts the Council directive 2010/32/EU (4). This study makes part of a bigger survey of occupational sharps injuries among healthcare workers (HCWs) in Southeast Europe.
HCWs who routinely work with blood (physicians, nurses, laboratory technicians, and support staff such as cleaners and workers in laundry and sterilisation). We used a geographically stratified design, with Serbia divided into six regions. Our random selection included one hospital from the west of Serbia, four from the east, two from central Serbia, two from the south, four from Vojvodina, and four from Belgrade. Ethics committees and/or responsible persons from the management of each hospital approved the survey.
The questionnaire was based on a Croatian selfreporting questionnaire on exposure to bloodborne infections (8) and on a questionnaire previously used in Serbia (7) . To test the questionnaire, we ran a pilot study at the Serbian Institute of Occupational Health (data not presented) and revised it to improve clarity for HCWs.
The final questionnaire contained 34 multiple-choice questions adjusted to Serbian population. It was anonymous, and all participants were informed about its aim and instructed how to complete it.
The information collected included socio-demographic data such as age, gender, education level, specialty (for physicians), hospital department, the number of blood and bodily fluid (BBF) exposures over the entire career (expressed as none, one, or more than one), and details about exposures in 2012. Details about the most recent accident included the type of activity preceding the accident, objects and instruments involved, patient's HIV/HBV/HCV status, hours on duty, and whether the accidents were reported or not. The questionnaire also investigated how much the participants knew about the health risks from BBF exposure, whether they were vaccinated against HBV, and which post-exposure treatment they received.
The questionnaire was answered by 5,762 participants (response rate 88 %), but we excluded 515 participants who did not fill more than 50 % of the questionnaire. The analysis, therefore, included the answers of 5,247 participants, who submitted completed or partly incomplete forms. Hence the difference in total numbers of respondents to specific questions.
Data management and analysis
The questionnaire forms were created and answers scanned with the Remark optical mark recognition software (Remark Office OMR ® , Remark, Mulvern, PA, USA). Readings were stored in Microsoft Excel spreadsheets (Microsoft, Redmond, WA, USA).
The chi-square and Fisher's exact test were used to look for associations between reported sharps injuries and variables such as demographic, workplace, and workday characteristics over the previous year (2012) and the entire career.
Multivariate logistic regression was used to evaluate the strength of association between these variables and identify the most important predictors of increased BBF exposure in HCWs over the career and in 2012. Belgrade (the capital) was selected as the reference region for calculating predictors, being the most advanced in equipment and training in the country. Other reference variables were the lowest age and work experience groups.
Statistical analysis was done using the IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp, Armonk, NY, USA).
RESULTS AND DISCUSSION Table 1 shows the demographic information about the study population. Their characteristics were fairly similar across the six regions, with deviation lower than 10 %.
Nearly 66 % of the respondents reported at least one BBF exposure in their career, and 39 % reported at least one such accident in 2012 (Table 2 ). Compared to the neighbouring and EU countries, our one-year BBF exposure prevalence among HCWs was lower than in Montenegro (9) and France (10), but higher than in Bosnia and Herzegovina (11) and Germany (12) .
Another Serbian study (6) reported much lower career and one-year prevalence (35 % and 26 %, respectively) in university hospitals than in general hospitals and clinics. Similar was observed in the 2004 French study referenced above (10) . Perhaps university hospitals have better medical equipment, devices, or safety measures than general hospitals.
The 2012 exposure prevalence varied across the Serbian regions (p<0.001) with south Serbia reporting the highest (49 %). This may point to safety training issues, work overload, or weaker management, organisation and financial support. Some of the issues can be cost-effectively addressed by quality training programmes for HCWs.
The distribution of accidents in 2012 was equal between the genders (39 %). Over the entire career, however, it was significantly more prevalent in women (p<0.05).
As expected, the prevalence was higher in the surgical specialties (surgery, gynaecology and anaesthesiology) and in respondents working in the operating room (60 %), intensive care unit (48 %), dialysis ward (45 %), and delivery room (43 %). Table 3 shows the details about BBF exposure accidents in 2012 and differences in their prevalence between medical doctors, nurses/lab workers, and other occupations. If more than one accident had been reported, only the details of the last accident were collected. As expected, the most frequent types of accident were stabs and blood-skin contact. The latter suggests that many Serbian HCWs do not wear protective gloves.
Most participants reported that their last accident happened during blood draw (18 %) or while preparing to insert the needle in a patient (17 %).
Most medical doctors had the latest BBF exposure during surgery (55 %), whereas most nurses and laboratory technicians reported exposure during blood draw (21 %) and recapping (19 %). We can only speculate why, as we did not collect a detailed description of the procedures. Perhaps some hospitals still draw blood with a syringe instead of vacutainer tubes, which are much safer to use. As for recapping, our findings are much higher than the reports from Poland (6.9 %) (13) and France (5.9 %) (10), even though many Serbian hospitals have guidelines for safe needle disposal.
Our results, however, single out one group as highly at risk of stabs: the so called "others", the support staff: cleaners, launderers, and sterilisation room attendants. This group has reported the highest rate of stabs of all, as well as the highest rate of BBF exposure during disposal of sharps and waste and during cleaning. They most consistently pointed their finger to inappropriate waste disposal and disregard of other staff (medical doctors and nurses/lab technicians) for them as the main causes of exposure. We believe that this group is quite neglected in terms of safety instructions and procedures, as they are not directly involved in medical care, and this issue needs to be addressed in every hospital. That accidents prevail in the morning shift (73 %) is not a surprise, as morning shifts see much more activity. Some studies (14) have shown the evening shift as critical, but most other studies worldwide report results consistent with ours (7, 15, 16) .
The main cause of accidents is haste, especially among nurses, followed by sudden patient moves. Medical doctors are the group that most often reported their own inattention as the cause of BBF exposure of all groups. Tables 4 and 5 show which of the variables stand out as significant predictors of BBF exposure over the entire career and in 2012, respectively. Compared to Belgrade, only Vojvodina (highly developed northern region of Serbia) and west Serbia had significantly (30-50 %) lower odds of BBF exposure over the entire career. In 2012, south Serbia had significantly (20 %) higher, and west Serbia significantly (35 %) lower odds of BBF exposure. For now, we can only speculate about the reasons for these differences.
Gender was not a significant predictor of BBF exposure, and, interestingly, neither was age. In contrast, work experience longer than five years turned out to be a significant BBF exposure predictor over the entire career, which is expected, as the risk grows over the years. In 2012, however, work experience was not a significant predictor of BBF exposure, which also makes sense, as experienced staff makes fewer mistakes.
Nurses and laboratory technicians had double the odds of medical doctors having BBF exposure over the career, but only 30 % higher odds in 2012.
The odds of BBF exposure over the career were twice as high in the surgical branches vs. non-surgical ones, and 65 % higher in 2012. The most vulnerable working places in general hospitals were operating rooms, which was also reported by Treakle (17) and Jagger (18) .
There are several limitations to this study, as it has not investigated the incidence of sharps injuries or how frequently HCWs come in contact with blood or bodily fluid on a daily basis. Despite these limitations, our study boasts a large sample size and gives a relatively reliable idea about the current state of BBF exposure in Serbian general hospitals. By pinpointing significant predictors (bolded in Tables 4 and 5) , this study has singled out safety issues for specific geographical areas, medical branches, and working groups that need addressing, at least in the form of raising awareness of exposure risks. The results of our study can also serve as a baseline for future longitudinal studies as part of the EU "Framework Agreement on prevention of sharps injuries in the hospital and healthcare sector". 
